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RESEARCH MEMORANDUM

EFFECT ON DRAG OF LONGITUDINAL POSITIONING OF
HATF-SUBMERGED AND PYLON-MOUNTED DOUGLAS
ATRCRAFT STORES ON A FUSELAGE WITH
AND WITHOUT CAVITIES BETWEEN
MACH NUMBERS 0.9 AND 1.8

By Sherwood Hoffmen and Austin L. Wolff .
SUMMARY

The effect on drag of positloning symmetricelly mounted Douglas
Arcraft Company, Inc. stores in pailrs on a pargbolic fuselage of fine-
negs ratic 10.0 has been determined by flight tests of rocket-propelied,
zero-1ift models through a range of Mach nunmber from 0.9 to 1.8. The
stores were mounted in half-submerged positions and on pylons and were
tested in three longitudinzal locations on the fuselage with the forward
position being located at the meximum diameter of the fuselage. The
effects on drag of removing the half-submerged stores or extending them
outward on pylons also was investigated by tests of models with half-
submerged~-store cevities on the fuselage. Two pylons differing in air-
foil section and thickness were tested at the forward position of the
stores on the fuselage with cavities.

The half-submerged stores gave the smallest drag increments, which
were approximetely equal regardless of their respective longltudinal
locations. Removing the half-submerged stores to expose the cavities
increased the drag increments from two to three times. For the pylon-
mounted stores, the store in the midposition had less drag than in the
forward or rear positions st supersonic speeds. Adding the half-
submerged-store cavities to the pylon-mounted-store configurations
reduced the drag at the rear position between Mach numbers 0.95 and 1.50
and increased the drag at the midposition throughout the speed range.
Changing from the 6-percent-thick flat pylon to the lO-percent-thick
elrfoil pylon increased the total drag slightly above Mach number 1.10.
Good egreement was obtained between the experimental and theoretical
interference drag coefficients for the pylon-mounted stores (without
fuselage cavities) in the three longitudinal locations testéd at Mach

numbers 1.2 and 1.5.
UNCLASSIFIED
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INTRODUCTION

The arrangement of the various components of an alrcraft may pro-
duce large unfavorgble interference effects at transonic and supersonic
speeds. In order to prevent or eliminate such unfavorable interference,
a general study of interference is being made by using concepts based
on the trapsonic area rule and linearlzed theory. Owing to the complex
nature of the problem, it was found convenient tov use simplified config-
urations for studying the basic problem of interference on the premise
that the findings will be useful in anslyzing interference problems of
complete aircraft.

Recent investigations (refs. 1 and 2) of store-fuselage combinations
without wings show that the position of the store or bomb is important
from the considerations of drag, buffet, trim, and release characteristics
at high speeds. Reference 3 presents & theoretical’study of interference
effects for special bodies of revolution in verious arrangements at super-
sonic speeds and shows that the lnterference drag is dependent on the
relative position of the stores in combinetion with the fuselage. The
present paper shows the effect on interference drag of locating symmet-
rically mounted Douglas Airecraft Company, Inc., stores in pairs on a
parabolic fuselage without wings and presents a gtudy of the resulting
interference effects based on the concepts of the transonic area rule
and linearized theory. Pylon-mounted and hslf-submerged stores were
tested in three longitudinal positions on the fuselage, the forward posi-
tion being located at the maximum dismeter of the fuselage. The effect
on drag of removing the half-submerged stores or extending them outward
on pylons end thus leaving half-submerged-store cavities exposed were
investigated also at the three longitudinal positions.

All the configuratlons were rocket-propelled, zero-lift models and -
were tested at the Langley Pilotless Aircraft Research Station at Wallops :
Island, Va. The flight tests covered a continuous speed range with Msch
nunbers varying from sbout 0.9 to 1.8 and Reynolde numbers from spproxi- z

metely 20 x 100 to 60 x 100, based on the length of the models.

SYMBOLS
A cross-sectional area, sq in.
a tangential acceleration, ft/sec
Cp total drag coefficient based on Sy
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Cpg drag coefficient of isolated store based on Sg
Cpr interference drag coefficient based on Sg

Cp pressure coefficient

CPI interference pressure coefficient i

c pylon chord, in.

acceleration due to gravity, ft/sec?

L length of fuselage, in.

1 length of store, in. —

M Mach number

Q; pregsure function

a dynamic free-stream pressure, Ib/sq £t

Re Reynolds nunber )

r radius, in.

g distanpe between center lines of store and fuselage, in.
Sr frontal area of fuselage, sq £t

Sg frontal area of isoclated store, sq ft

Sg frontal area of one store on fuselage, sq ft

t thickness of pylon, in.

W welght of model during deceleration, 1b

r angle between flight path and horizontal,_deg

b 4 longitudinal station, in.

X distance between center of gravity of store and nose of

fuselage, in.
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B = QM? -1

E gbsclssa of source or sink along x-axls
MODELS

A list of the models tested and their identifiying symbols are given
in table I. Details end dimensions of the parabolic fuselage, the stores,
the pylons, and the store-fuselage combinations are presented in figures 1
to 3 and tebles II toc VI. The cross-sectional-area distributions and
photographs of the models showing close-up views of the stores, pylons,
and cavities are given in.figures 4 and 5, respectively.

The fuselage consisted of two parsbolas of revolutlon joined at the
maximm diesmeter (LO-percent station) and had an overall finemess ratio
of 10. Four thin 60° sweptback fins with beveled leading and trailing
edges were used to stebilize this body in flight.

\

The Douglas Alrcraft store shape (fineness ratic 8.57) with fins C
of reference L was selected for the tests._ The stores mounted on the
fuselage were 18 inches long or 0.10 full scale for the 150-gsllon
Dougleg Aircraft store. The isolated store, which was 0.33 full scale
or 60 inches long, was modified slightly at two stations on the after-
body (fig. 2(b)) in order to fit the booster-rocket-motor adaptor.

The store-fuselage conbinations consisted of pylon-mounted stores
with and without half-submerged-store cavities in the fuselage, half-
submerged stores, and half-submerged-store cavities alone in the fuse-
lage. The stores, pylons, and cavitles were mounted symmetrically in
pairs on the fuselage as is shown in figure 3. The minimum distance
between the pylon-mounted stores and fuselage surface wlthout cavitles
wag kept constant at 0.7 inch to allow for fin clearance (fig. 2(a)) as
the longitudinal location of the stores was varied. The half-submerged
stores had three fins exposed, two of the fins belng tangent to the fuse-
lage surface (fig. 5(c)).

The stores, pylons, and cavities were located in three longltudi-
nal locations on the fuselage which will be referred to as the forward,
middle, and rear locations. These locations, based on the distance X
between the center of gravity of the stores and the nose of the fuselsge,
are at the 0.40, 0.525, and 0.65 stations of the fuselage. No locations
were tested forward of the maximum-dilameter station of the fuselage.

Two pylon sections differing in shape and thickness were used for
the present tests. The 6-percent-thick section had a flat midsection
wilth an elliptical leading edge and wedge-shaped trailing edge. This
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pylon is similexr to the Douglas 3-hook shackle pylon of reference 5.
The 1lO0-percent-thick pylon, which was tested only in the forwerd posi-
tion, was similar to that used in reference k.

TESTS AND MEASUREMENTS

The rocket-propelied zero-lift models were tested at the ILangley
Pilotless Aircraft Research Station at Wallops Island, Va. Each model
was boosted from a zero-length launcher (fig. 6) to supersonic speeds
by a fin-stebilized 6-inch ABL Deacon rocket motor. All the models
except model N, the isolated store, had a 2.25-inch szircraft rocket
motor included in the fuselage for additional propulsion. The models
were tracked by a CW Doppler velocimeter and an NACA modified SCR 584
radar tracking unit to determine the deceleraetion and trajectory during
coasting flight. A survey of atmospheric conditions was made by radio-
sonde measurements from an ascending belloon that wes released at the
time of each lsunching.

The flight tests covered continuous ranges of Mach muber varying
from sbout 0.9 to 1.8 and Reynolds numbers from approximastely 20 X lO6
to 60 x 106, based on the length of the models, as is shown in figure T.

The values of total drag coefficient, based on the frontal area of

the parsbolic fuselage, for models A to M and the fuselage alone was
obtained from the expression

=W
8aS¢

(2 + g sin 7)

The drag coefficient of two isolated stores, based on the fuselage
frontal area, is

S
= =E
CDgtores = 20Dg Sp

where CDS is based on the frontal area of the isolated store tested.

The interference drag coefficient based on the frontel ares of the
stores was determined for models A to C by subtracting the drags of the
isolated stores, pylons, and fuselage from the total drag or
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Sg
Cpg = (GD - CDfuselagé)Eg; - Opg - CDpylon

where the drag coefficlent of the pylon is based on the frontal area of
the store. The drag of the 6-percent-thick pylon was estimated by using
two-dimensional theory at supersonic speeds with an sllowance for the
blunt leading edge. The drag from the lO-percent-thick pylon was esti-
mated from the flight-test data of reference 6.

The error in totel drag coefficient was estimated to be approxi-
metely £0.005 at supersonic speeds and 0.0l at subsonic and transonic
speeds. The Mach numbers were determined within 10.005, '

RESULTS AND DISCUSSION

The variations of the drag coefficients Cp and GDS with Mach

number for the parsbolic fuselage and 1solated store are presented in
figures 8(a) and 8(b), respectively. At supersonic speeds, the store
has a greater drag coefficient than the fuselage because of its body
shape and lower fineness ratlo. However, at subsonic speeds the fuse-
lage has the greater drag coefficient because ofthe base drag and
greater wetted area, especially from the fins. The amount of drag due
to the modification on the afterbody of the isolated store (fig. 2(b))
was not determined, but it is bellieved to be negligible.

The effect on drag of varying the longitudinal position of the
stores, pylons, and cavities on the fuselage is shown in figure 9. The
drag of two isolated stores, based on the fuselage frontal area, is pre-~
sented elso in figure 9 for comparison with the drag increments from
the stores and cavities. The estimated drags of the 6-percent-thick and
10-percent-thick pylons are shown in figure 9(a) to be small relative to
the totel drag of the configurstion and of the order of accuracy of the
tests., .

The pylon-mounted stores (fig. 9(a)) increased the drag of the fuse-
lage by an amoutt that is either equal to or greater than the drag of two
isolated stores and pylonms. The largest drag increments for the pylon
stores were obtained in the forward position (X/L = 0.40), where the maxi-
mum cross-sectlonal areas of the fuselage and stores are alined. Owing to
the failure of & flight model that utilized the 6-percent-thick pylon in
the forward position, only the data from the 10-percent-thick pylon in
the forward position are available for presentation in figure'9(a). How=
ever, changing from the 6-percent-thick pylon to the 10-percent-thick
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pylon probasbly would have a small effect on the total drag since the
drag from the two pylons was estimated to be small. The drag increments
from the stores on the 6-percent-thick pylon at the middle position

(X/L = 0.525) were the smallest obtained from the pylon-mounted stores
without cavitles at supersonic speeds and were approximately equal to
the drags of the isolated stores and pylons throughout most of the test
range. :

When the pylon-mounted stores were tested with the half-submerged-
store cavities on the fuselage, the resr installation had considersbly
lower drag increments than were obtained at the forward and middle posi-
tions throughout the Mach number range as is shown in figure 9(b). The
drag from the stores, pylons, and cavities at X/L = 0.65 was approxi-
mately equal to the sum of the drags of the isolated stores and pylons;
therefore, no unfavorable interference effects from the rear cavities
was indicated at supersonic speeds. Changing from the 6-percent-thick
pylon to the 10-percent-thick pylon at X/L = 0.40 resulted in a small
increase in the total drag sbove M = 1.1. The forward stores on both
pylons tested and the middle stores experienced a large increase in sub-
sonic drag because of the cavities.

The half-gsubmerged stores gave the smellest drag increments without
any significant effects resulting from chenging their longlitudinal posi-~
tions at supersonic speeds (fig. 9(c)). The drags from these half-
submerged stores with three fins exposed were less than half the drag
of the isolated stores sbove Mach mumber 1.05; thls result indicates =a
small amount of favorseble interference effects at supersonic speeds. Tt
should be noted, however, that this savings in drag was cbtalned at the
cost of reducing the totael volume of the configuration by approximately
one-half the wvolume of the stores. Near Mach mumber 1.0 and at subsonic
speeds the drag from the half-submerged stores at X/L = 0.65 was sig-
nificantly less than that from the stores at the forward and middle
positions.

The drag increments from the cavities alone are shown in figure 9(4)
to be large in the three longitudinal locations tested and of the same
order of magnitude as that from the isoclsted stores at supersonic speeds.
Near Mach number 1.0, the drag increment from the cavities in the middle
position was approximately twice as large as the drag increment from the
cavitles in either the forward or resr location. Unpublished data indi-
cate that the drag from the cavities was due mainly to a localized effect
caused by turbulence within the cavitles.

Figure 10 is presented in order to show more clearly the effects on
drag of moving the half-submerged stores outward on the pylons or removing
the half-submerged stores &t each longitudinal positlon tested. Removing
the half-submerged stores and exposing the cavities increased the drag
increments to two to three times those of the half-submerged stores
throughout most of the speed range at each longltudinal locatlion. When
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the half-submerged stores were extended vertically on pylons and the
cavities left open, the drag increments were increased from four to five
timeg that of the half-submerged stores a8t supersonic speeds. Closing
the cavities reduced the drag coefficient of the pylon-mounted stores at
X/L = 0.525 by 0.025 throughout the test range and increased the drag
of the pylon-mounted stores at X/L = 0.65 between Mach numbers 0.95
and 1.5. At the forwerd position X/L = 0.40, the cavities had a neg-
ligible effect on the drag of the pylon-mounted stores above Mach num-
ber 1.0 and & large unfavorsble effect at subsonlc speeds.

The drag-rise Mach numbers varied between M = 0.93 and 0.97, the
lowest drag-rise Mach numbers being obtained from the configurations
having the highest drag rises.

A comparison of the meximm drag rises of the configurations tested
18 presented in figure 11 in order to determine whether the transonic
area rule (ref. 7) can be applied to a comparison of the drag rises of
combinations of bodies without wings, such as those of the present inves-
tigation. The area rule of reference T states that the zero-1lift drag
rise of thin, low-aspect-ratio, wing-body combinations near the speed of
sound is primerily dependent on the axial distribution of cross~-sectional
areas normal to the sxis of symmetry. References 8 and 9, for example,
show that the areas rule mey be extended to wing-body combinations with
external stores or nacelles to a limited extent. A comparison of the
area distributions in figure I with the results in figure 11 shows that
the highest drag rises were obtained from the configurations with the
pylon-mounted stores, which gave the largest rate of lncrease of cross-
sectlional area in each longitudinal position tested. Adding the fuselage
cavities to the configurations with the pylon-mounted stores reduced the
rate of development of the areas somewhat and lowered the drag rises.
Although the indentation produced by the cavitles of models D, E, F, and
M was localized, it produced a similar effect in reducing the drag rise
as was obtained with symmetrical indentations in reference T and two-
dimensional indentstions in reference 10 and unpublished data. The
changes in area development resulting from the half-submerged stores or
cavities alone were smaller than those for the pylon stores and caused
little or no changes in the total drag rises. As is indicated in fig-
ure 11, the areas rule does not apply when the store, pylon, and cavity
installations are varled longitudinally even though there is a noticeable
change in the area development of the conflgurations. A posbible explang-
tion for this phenomenon is given in reference 11, which indicates that
small changes in the total-area distribution of a configuration generally
regsult in interference effects that are independent of the lbngitudinal
location of the change near and above Mach number 1.0.

The appllcabillity of the linearized theory of reference 3 for deter-
mining the interference effects at supersonic speeds for external-store-
fuselage combinations was investigated by calculating the interference
drags for the pylon-mounted stores without cavities (models A, B, and C)

. -
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and. comparing the results with the experimental interference drags at Mach
numbers 1.2 and 1.5. The theoretical interference drags were obitained
entirely by graphlcal procedures and the method used is outlined in the
appendix. The comparison in figure 12 shows that reaponably good agree-
ment was obtained between the theoretlcal and experimental values of
interference drag coefficient at eagh longitudinal location of the stores.
The theoretical values represent the sum of the interference drags from
the principal components of the configuration or the total effect of the
stores on the fuselage, the fuselage on the stores, and the stores on
each other. Figure 13 shows these Individuesl effects at Mach numbers 1.2
and 1.5. Theoretically, the effect of the fuselage on the stores pro-
duced the largest veriation in the interference drag coefficient as the
store location was varied longltudinslly. The same method of calcula-
tion was used for the helf-submerged stores and the results indicated
relatively large values of unfavorable Interference which were contrary
to the experimental results. However, the theory appears to be appli-
cable for external-store installations on pylons without cavities for
configurations that are similar to those of the present tests.

CONCLUSIONS

The effect on drag of the longitudinal positioning of half-submerged
and pylon-mounted stores in symmetrical arrangements on a parabolic fuse-~
lage with and without half-submerged-store cavitles has been determined
by flight teste of zero-lift, rocket-propelled models between Mach num-
bers of 0.9 and 1.8. The centers of gravity of the stores were located
at the 0.40, 0.525, and 0.65 stations of the fuselage for the tests.

The followlng conclusions were indicated:

1. The half-submerged stores gave the lowest drag increments, which
were approximately the same in the three longitudinel positions tested.
Removing the half-submerged stores to expose the cavities increased the
drag increments to two to three times those of the helf-submerged stores.

2. ¥For the pylon-mounted stores, the store in the middle position
had less drag than in the forward or rear positions at supersonic speeds.
Adding the helf-submerged-store cavities to the fuselages of these con-
flgurations reduced the drag at the rear positlon between Mach mum-
bers 0.95 and 1.50 and lncreased the drag at the middle position through-
out the speed range.

3. Chenging from the 6-percent-thick flat pylon to the 1lO-percent-
thick airfoll pylon on the configuration with the pylon stores and cav-
ities in the forward locetlon increased the total drag slightly at Mach
mmbers above 1.10.
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k. Good agreement was obtained between the experimental and theo-
retlcal interference drag coefficients for the configurations with the
pylon-mounted stores located in the three longlitudinal locations tested
at Mach numbers 1.2 and 1.5. '

Langley Aeronsutical ILaboratory,
National Advisory Committee for Aeronautics,

lengley Field, Va., May 13, 195k,



NACA RM L5LE26 G- 11

APPENDIX
METHOD OF CALCULATION

Reference % presents an analytical study of interference drags for
specisal bodies of revolution in various two-body and three-body combina-
tions at supersonic speeds. In order to apply the linearized theory of
reference 3 to arbitrary body shapes, such as those used herein, it was
found convenient to use the rapid graphicel method of reference 12 for
determining the interference pressures. For the arrangement of bodies
of this investigation, each body was entirely or partially immersed in
the flow fields of the other bodies throughout the range of flight Mach
numbers. When the linearized assumptions of reference 3 were used, the
interference pressures acting on each body were taken directly from the
pressure fields of the neighboring bodies. Thus, the mutual effects of
the principal components of the configuration on interference were deter~
mined. TIn the present analysis, the effects of the store fins and the
pylons on the interference drag 1s not considered.

The rapid graphical method in reference 12 was used therein to
determine the pressure distribution on slender, arbitrary bodies of
revolution. However, thlis method may be used alsoc to obtain the flow-
field pressures of the arbitrary bodies in a simple way. According to
reference 12, the pressure coefficient at any point x on the surface
of the body as obtained by the method of sources and sinks is

Cpy = %z; = (a1)

i - e - ()°

where

o - A!r %E!Ax (a2)

Axf2

end n 1is the nunber of point sources on the body axis. The values of
the pressure function Q3 for each n 1s determined graphically from

the shape of the body. In order to calculate the pressures in the flow
field of the body and at a constant distance from the center line, the
values of ry in equation (A1) are kept constant. TFor the present
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configurations, r, Wwas made equal to r, or 2r,, depénding on the
distance between the center lines of the fuselage and stores or between
the stores of the combination. The pressure distributions induced by
each body were obtained by evaluating each of 20 sources and sinks along
the body axis and summing them in the same manner as is described in
reference 12. The pressures induced from the nose of each body were
determined by considering the nose to be conical and to have an attached,
oblique shock. — _

The interference pressure drag coefficlent for each body was obtained
by integrating the interference pressures from the surrounding flow fields
gbout the body by using, for example, the expression

A
.2 &g G
CDIone body rmaxa JQ cpIr dx ax _ (a3)

which was evaluated graphically. The total interference drag coeffi-
cient, according to the linearized assumptions (ref. 3), was obtained
by adding the individual interference drag coefficlents from each body
in the combinatlon.

The interference pressure distributions acting on the fuselage and
stores of models A, B, and C were calculated at Mach numbers 1.2 and 1.5
for an average value of ¥y of 5.0 inches and are presented in fig-
ures 14 to 16. The value of ro actuaslly varied slightly as the store
position was varied longitudinally (fig. 3), but the magnitude of change
in r, was small enough to be neglected without affecting the theoretl-
cal pressures in the flow fleld. The resulting interference drag coef-
ficients, based on the frontal area of the stores, of the principal com-
ponents of the configuration are shown in figure 13. '
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TABLE I.- MODELS TESTED

Model Description t/c of pylon | X/L
A Store + pylon 0.10 0.40
B Store + pylon .06 .525
C Store + pylon .06 .65
D Store + pylon + cavity .06 1o
E Store + pylon + cavity .06 .525
F Store + pylon + cavity .06 .65
G Half-submerged store ——— .10
B Half-submerged store —— « 525
I Half-submerged store —— .65
J Cavity ——— 10
K Cevity — . 525,
L Cavity ———— .65
M Store + pylon + cavity .10 i To)
N Isolated store ——— | mm———
0 Fuselage alone ——— ) ——e—

15
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TABLE II.~- COORDINATES OF PARABOLIC FUSELAGE

[%tation measured from fuselage nosé]

Stetion, Ordinate,
in. in.
0 o]
1 245
2 81
4 .923
6 1.327
10 2.019
1k 2.558
18 2.942
22 3.173
26 3.250
30 3.233
3 3.181
38 3.095
ho 2.975
L6 2.820
50 2.631
54 2.407
58 2.149
62 1.857
65 1.615
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TABLE III.- COORDINATES FOR 18-INCH STORE

[étation messured from store nosé]

Station, Ordinate,
in. in.
o] o]
.35 .170
.85 .366
1.35 « 517
1.85 633
2.35 . 123
2.85 L7955
3.85 905
4.85 .987
5.85 1.041
T.65 1.050
9.45 i.046
10.45 1.016
11.145 . 960
12.45 .880
13.45 . 780
445 665
15.45 .538
16.45 Lok
17.25 .293
17.65 217
18.00 o}
Trailing-edge radius, 0.100
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TABLE IV.- COORDINATES FOR 60-INCH ISOLATED STORE

[Sta'bion meesured from store nosg—'

Station, Ordinate,
in. in.
o} 0
1.164 576
2.502 1.101
3.834 1.536
5.166 1.887
7.836 2.%09

10.500 2.772
13.164 3.048
15.834 3.267
18.498 3.429
21.150 3.500
29. 802 3.500
32.502 3.468
35.166 3.372
37.8%6 3,222
39,162 3,126
§1.8%2 2.901"
. 502 2.634
47,166 2.334
49,836 2.007
52.500 1.659
55,164 1.302
56.164 1.167
57.498 .978
58' 836 . 726
60.000 o]

Trelling-edge redius, 0.325
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TABLE V.- COORDINATES OF 6~PERCENT-THICK PYLON SECTION

E.:‘,tation meagured from leading edg_e]

Station, Ordinate,
in. in.
0 0
.005 .016
. 020 .030
. 060 051
. 100 .065
. 200 .090
. 10O .120
.600 <137
.800 4T
1.001 «150
3.751 «150
5.000 o
Trailing-edge radius, 0.019
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TABLE VI.~ COORDINATES OF 10-PERCENT-THICK PYLON SECTION

[étation meesured from leading a&gﬂ

Station, Ordinate,
in. in.
o] o}
050 . 050
« 100 .070
« 250 .110
<500 .155
1.001 . 205
1.501 : 235
2.002 248
2.252 «250
2.752 - 242
3.255 .215 -
3755 .170
L.253 .105 ' .
L7554 «035 '
5.000 0]
Trailing-edge radius, 0.003
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Fusslage frontsl ares = 0,230 aq ft

Figure l.~ Detalls and dimensions of parsbolic fuselage. All dimensions

are in inches.
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9
! 45° >
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Fineneas ratlo = 8.57
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alrfoil shape of t/e=,06 pylon. Alrfoil =hape of t/o=.10 pylon.

(2) Pylon-mounted store.

Flgure 2.~ Detail and dimensions of stores. ALl dimensions are in inches.
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T2 s,

5% 5485

10

«10

7R

18,25

1.25( typ)
57462 ~

!

60,00

Flneness ratio = 8,57
Prontal area = 0.2l sq 't

(b) Isolated store.

Figure 2.~ Concluded.
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(a) Model A. Stores at X/L = 0.0 and pylon t/ec = 0.10.

(b) Model B. Stores at X/L = 0.525 and pylon t/c = 0.06.

— _G%Z%

(c) Model C. Stores at X/L = 0.65 and pylon t/c = 0.06.

Figure 3.~ Details of store and cavity errangements on models tested.
All dimensions are in inches.



NACA RM IS5LE26 WPNEARE . 25

0.06.
0.10.

and pylon t/e

(d) Model D. Stores and cavities at X/L = 0.40
0.40 and pylon t/c

Model M. Stores and cavities at X/L

(f) Model F. Stores and cavities at X/L = 0.65 and pylon t/ec = 0.06.

Figure 3.~ Continued.
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(g) Model G. Hslf-submerged stores at X/L = 0.40.

_?;gh —Lz:::::::E::;éii~ 4—--1§-——1é§1;, ‘zngiéiifz;’

(h) Model H. Half-submerged stores at X/L = 0.525.

(1) Model I. Half-submerged stores at X/L = 0.65.

Figure 3.~ Continued.
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=

.

(3) Model J. Half-submerged-store cavities at X/L = 0.LO.

| "
~ 3 - - =

(k) Model XK. Half-submerged-store cavities at X/L = 0.525.

P = Zgzg

(1) Model L. Helf-submerged-store cavities at X/L = 0.65.

Figure 3.~ Concluded.
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1.2 x 10-2
Stores + pylons, (t/e¢ = 0.10)
J— Half.submerged stores
’//,;‘-/_-__ _\\MStoros + cavities + pylons, (t/c = 0,06)
S P =
A """’-i
L2
Cavities
L
l | r L | n
[+] b3 2 . i .5 .6 T .8 .9 1.0
x/L
(a) Stores, cavities, and pylons at X/L = 0.k%0.
1.2 X 10-2
Stores + pylons, (t/c = 0.06)
/ Half-submerged stores : .-
- 2 ~._Stores + cavities + pylens, (t/c = 0.06
sl = —\—'\.&“ on es:wonl (/u' )
-3 _— =
e
ol f—
: !
o .1l .2 o3 nn 5 .6 <7 .8 9 1.0
x/L
(b) Stores, cavities, and pylons at X/L = 0.525. i
1.2 X 10-2
Stores + pylons, (t/c = 0,06}
Stores + cavities + pyloms, (t/c = 0.06) ‘: Half-submerged atores
Y- >s;‘\ . '
ay = NS
A < .
12 ™~ ~ _\ : Fuselege
Lo X
Cavities
| | { I | I | | !
0 .1 2 3 N .5 .6 o7 8 .9 1.0

(c) Stores, cavities, and pylons at X/L = 0.65.

Figure 4.- Cross-sectional-srea distribution of models tested.
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NP RTE T B

L-78719.1
(a) View of typical installation of pylon-mounted store.

L-78715.1
(b) View of typical installation of pylon-mounted store and cavity.

Figure 5.~ Photographs showing close-up views of stores, pylons, and
cavitles.
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(c) View of typical installation of half-submerged store. L-778h'0':.|'

L=-77817.1
() View of typical submerged helf-store cavity in fuselage.

Figure 5.~ Continued.

sk



(e} Isolated store, Model N.

Figure 5.- Continued.

L=79118.1
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(£) View of typical model with Pylon-movmted stores. L=76505.1
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L-78108.1

Figure 6.~ Parabolic fuselsge (model O) and booster on zero-length launcher.
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Models A to M

e

70 —
— — ———— Parabollc fuselage

o ﬂ
—— ————— 8tore tested on mocdels / -~
-,

o —________ Isolated store ) -~

50

=

0

30 .
wer')

20 .-L:T‘

| o

T
-—"‘--/
10 — P ot
e —1""]
-

0

.8 .9 1.0 1,1 1,2 1,3 1l.h 1.5 1.6 1.7 1.8 1.9

Flgure T.- Varlations of Reynolds number with Mach number for models
tested. Reynolds muber is based on the length of the corresponding
fuselage or store configuration.
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A
3
o .2 |
1
==z
AN\
0
.8 .9 1.0 1.1 1.2 1.5  1.h, 1.5 1.6 1.7 1.8 1.9 2.0
x
(a) Parabolic fuselage.
o4
3
Cpg -2 //
ol —— 1T
Vo
0.8 .9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0

(b) Isolated store.

Figure 8.~ Variations of drag coefficient with Mach number for the para-
bolic fuselage and the isolated store.
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5
L
re—— X —— 'I
M
b .
| —X/L = 0.40, t/c = 0.10 /-—x/L = 0.525,! t/o|= O'j.i
,’./.-___b____ pd | X/L = 0.65, t/o = 0.06
3 7~ ik el it Y . I
/ /’ —_-1 L . —
o /
D / —
R / - N
._//j \—Fuseltge alone
=" _ A M
/— Estimated drag of 0.10c pylons.
A 1 ! | | 1- ]

¥ ¥ 13
Drag of two isolated atores \ / A4 Estimated drag of 0.06c pylons.

A i AV T L

0.9 1.0 1.1 1.2 1.3 1.y 1.5 1.6 1.7 1.8
M
(&) Pylon-mounted stores.
«5
b : — x/L = 0.4o, t/c = 0.10
/ A X/l = 0,40, t/o = 0.06
o I I R— - - tf. _ x/m = 0.525, t/c = 0.06
/ w7 = - =
-5 ’7 r” - --'--‘-—.-K—_r-—-_‘--__'-'—-J-———u—_1 po—
¢ /1 et X/L = 0.65, £/c = 0.06
D vi — -
2 %’ "/ \ :
) L /I \\— Fuselage alone
J/
-t or £ two isolated at
a
o ) i L '[—— ag o wOo -ao ores
l/f
°.9 1.0 1.1 | 1.2 1.3 1.k 1.5 1.6 1.7 1.8
M

(b) Pylon-mounted stores and cavities.

Figure 9.- The effect on drag of longitudinal positioning of the symmet-~
rically mounted stores, pylons, and cavities.
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SR 37
A4 :
/d%
/1-X/L = 0.40 k—x/t. = 0.525 /1—1/_1. = 0.65
3 7 < 7
/N p— i St el e X s S
¢ 2 f - Fuselage alone
D . 4
Y/
Y/
74
.1
/—— Drag of two isolated stores
% T.0 T.T T.2 1.5 T. 1.5 1.8 1.7
X
(e¢) Half-submerged stores.
A4 .
/-r-x/L = 0,525 /—x/h = 0.ho /_\"x/-t' = 0.65
3 - — -
e e o o = ey _
2z /I = .
cD > /L// \’\—— Fuselage alone
* 1
| 4
.1 .
L 1—1 Irsg of two 1solated atores
ad
0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
¥

(&) cavities.

Figure 9.- Concluded.
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5 - -~
L /o = 0,10 t/c = 0.06
= =
3 .
Y P = i i i
— — = =11
.2 ///'// ‘\
[— II/'/ \
P~ /t Puselage alone
—— yi
___.J/
.1
- Drag of two 1soht'ed atores
f7 == =T T =
l’ *
o]
.9 1.0 1.1 1.2 1.3 ¥ 1.0 1.5 1.6 1,7 T 1.8
o5
L t/o = 0.06 t/c = 0,06
3 lf/::?ﬁzL —F T
. 90 S S S N N il e e S
2 AAL/"?L \-— Fuselage alone ———F==r=
[ _
 meg—— J 13
.1 - .
J Drag of two isolated stores
s
[+]
.9 1.0 1,1 1.2 1.3 1. 1.5 1.6 1.7 1.8

(b) X/L = 0.525.

Figure 10.- Comparisons of the varlations of drag coefficient with Mach
number for the configurations with the pylon-mounted stores, half-
submerged stores, and cavitles in symmetrical arrangements at each
longitudinal location tested.
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Figure 10.- Concluded.
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Fuselage alone

O Stores + cavities + pylons, (t/c = 0.06)
O Stores + cavitles + pylons, (t/c = 0,.10)
S Stores + pylons, (t/c = 0.06)
g Stores + pylons, (t/c = 0.10)
i Half-submerged stores
O Cavities
.03
%
o
u
E 002
S I B O
. | BT R
i S
£ s . sl
.01
0
.3 Ol‘- .5 .6 .7 .8

Figure 11.- Comparison of the meximum drag-rise coefficients of the models

tested. :
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k1

O Experimental

A Theoretical

_ — {
\ / ro
r——— -

.2
A Model C
.l .\\ /
Model A-/ % ,d
Cp, \N F//A
\\ ///
0 ot
\- Model B
- 2 NN 6 8 1.0
X/L
(a) M= 1.2.
.2
Model A \\\
.l \
\\ L ¥odel B
Cp
I d,—uodel c
o - e
A
-.1
* .2 . .6 «8 1.0
L X/L

() M= 1.5.

Figure 1l2.- Comparisons of the experimental and theoretical interference
drag coefficients for the symmetrically mounted store arrangements of

models A, B, and C.
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0 Effect of store on fuselage
< Effect of fuselage on store
A

Effect of store on store
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% .2 i " .6 .8 1.0
(a) M=1.2.
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.1 )
Cp; &D_‘
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-.1 v
) 2 o,.I. x/L 06 .8 1.0

(b) M =1.5.

Figure 13.- Comparisons of the theoretical interfererce drag coefficients
for the principal components of models A, B, and C.
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.1
{l \h:>: }x = 1.5
L \ﬂ
GPI 0 H =
\ e
= 1,2 \\\ | — -
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Fu
[— LT
1 —
[¢] .1 .2 .3 A .5 .6 o7 .8 .9 1.0

(a) Pressure distribution in flow field of fuselage at the location of
the store axes.

.2
M= 1.5
—f—
By o — e -
=12 " =
~20 .2 .lh .6 .8 1.0

(b) Interference pressures acting on store at X/L = 0.40. Model A.

2

o
= p—
‘Ki 1.2—/ \u e 1.5

- ] 1
-2 o .2 4 .6 .8 1.0

(c) Interference pressures acting on store at X/L = 0.525. Model B.

cPI 0 N A% P F—— r\-2

0 2 J .6 .8 1.0

(d) Interference pressures acting on store at X/L = 0.65. Model C.

Figure 1k.- Theoretical interference pressure coefficients from fuselage
acting on the symmetrically mounted stores of models A, B, and C.
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(a) Pressure distribution in flow field of store at the location of the
fuselage axis.
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' w12 0|1
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—] b YA JR—
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] .2 4 .6 .8 1.0
x/L
(o) Interference pressures acting on fuselage from store at X/L = 0.40.
Model A.
- A
. x =22 | \‘,:-1.5
ey "\ 1"1{\
o= R i
-1 A1, Sl
--20
2 b /L 6 8 1.0
(c) Interference pressures acting on fuselage from store at X/L = 0.525.
Model B.
B
N N =1, /I = 1.5
OPI - — \| A‘
OFEEE oy
- \,N")'
% .2 A N3 .8 1.0
/L
(a) Interference pressures acting on fuselage from store at X/L = 0.65.
) Model C.

Figure 15.- Theoretical interference pressure coefficients from symmetri-
cally mounted stores acting on the fuselage of models A, B, and C.
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Figure 16.- Theoretical interference pressure coefficients induced from

one store on the nelghboring store for the symetrically mounted stores
of models A, B, and C.
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